tion.9-11 As part of this investigation, 8,641 persons from the total population of 9,822 had complete medical histories, physical examinations, electrocardiograms, and selected laboratory studies during 1959 and 1960. The response rate was over 90 per cent among the younger age groups and decreased to slightly more than 70 per cent for persons past 70 years of age.12 The electrocardiographic findings of the 5,129 examined persons 16 years of age and over are the subject of this report.
Methods
Electrocardiograms were recorded on a directwriting, single-channel instrument at a paper speed of 50 mm. per second. Food and tobacco were not prohibited before the examinations, and the electrocardiograms were frequently recorded shortly after the ingestion of glucose in water. The P-R intervals were recorded and the amplitudes of the R waves in leads aVL, aVF, V5, and V6, and the S waves in V, were measured for each tracing. The means, ranges, and standard deviations of these measurements were calculated for each 10-year age group of both sexes. In order to increase the objectivity of interpretations and facilitate comparisons with other epidemiologic studies, the electrocardiograms were classified according to the coding system of Blackburn and associates. 13 Blood pressures were determined by means of a mercury sphygmomanometer. Since systolic and diastolic blood pressures were closely correlated in Tecumseh14 and analyses based on either value have yielded similar results in this and other epidemiologic studies,15 only systolic readings are used for this report.
Serum cholesterol levels were determined by the Abell-Kendall method and blood glucose levels by the Somogyi-Nelson method. Approximately 60 per cent of the participants had blood drawn for glucose determination 60 minutes after the ingestion of 100 Gm. of glucose in water C-]-4 -to while most of the remainder gave casual blood specimens. 16 "Relative weight" as defined in the Tecumseh Community Health Study is the ratio of a person's actual weight to a predicted weight derived from a formula based upon height, biacromial diameter, and bicristal diameter. '7 Hypertension, hypercholesteremia, hyperglycemia, and obesity were arbitrarily defined as values for the systolic blood pressure, serum cholesterol, blood glucose, and relative weight above the 80th percentile for any individual's age group (5or 10- year range).14 Because known diabetic subjects were not challenged with glucose but were considered as part of the "hyperglycemic" group, the per cent of the population so designated is slightly more than 20 per cent. This fact was taken into account in the other computations. By definition, the other abnormalities occurred in 20 per cent of the participants.
Results
The classifications of the electrocardiograms are outlined in table 1. The various categories are discussed in numerical order and the prevalence rates are expressed as the per cent of persons examined. Fifty-four men and 26 women had classified Q waves. Because women were more numerous than men in the older age groups, the rates were even more indicative of male predominance. Rates above 2 per cent occurred one decade earlier among the men.
The significance of such Q waves and their relationship to other features of myocardial infarction are discussed in detail elsewhere.'8 2. Axis Deviation (Categories 11-1 and 11-2).
(1) Left axis deviation was more prevalent among men of all ages but increased in frequency among both sexes from almost none between ages 16 and 29 to more than 20 per cent of persons past 70 years of age.
The gradual increase in mean R-wave amplitude in lead aVL and decrease in aVF with each successive age group suggests a progressive leftward rotation of the electrical axis with age (tables 2 and 3).
Hypertension and hyperglycemia were present with a significantly greater than expected 0)i frequency among men under 40 with left axis deviation and hyperglycemia was more frequent than expected among women past 40 (table 4) .
(2) Right axis deviation was infrequent and limited to persons under 50 with two exceptions. It was more frequent among men, but the small numbers do not permit further analysis.
3. High-amplitude R Waves (Categories III-1 and 111-2).
(1) High-amplitude R waves in leads I, II, III, aV1, aVF, V5, or V6 were most frequent among young men, particularly those from 16 to 29. When this group is excluded, such R waves increase in frequency with age in both sexes, although the highest rates occur among women past 60. The mean amplitudes of S waves in V1 and R waves in V5 and V6 were highest among men under 30 years of age (tables 5, 6, and 7). The amplitudes for men past 70 were slightly greater than for those from 30 to 70. These values varied little for women of different ages except for higher mean amplitudes among women past 70.
Hypertension was present with significant frequency among men and wvomen past 40 years of age with high-amplitude R waves (table 4) . Hyperglycemia and obesity were also significantly frequent among women past 40 with such R waves.
(2) Only three participants had electrocardiographic changes suggestive of right ventricular enlargement. Two were women with congenital heart disease and the other a man with long-standing asthma and chronic bronchitis.
Women had a higher prevalence of STsegment depression than men although the frequency of such changes increased with age among both sexes.
The IV-1 and IV-2 classifications require at least 0.5-mm. depression of the J point and are analyzed separately from the IV-3 classification, which includes less marked changes. Hypertension among men past 40 and hyperglycemia among women past 40 were encountered with significant frequency in the presence of classifications IV-1 or IV-2 (table  4 ). There were no significant associations between the IV-3 category and any measured physiologic variable.
T-wave Inversion (Categories
T-wave inversion increased in frequency with age from less than 4 per cent of persons from 16 to 19 to 40 per cent of those past 80.
The V-1 and V-2 classifications require at least 1 mm. of T-wave inversion and are analyzed separately from the V-3 category, which includes flat or diphasic T waves.
The V-1 and V-2 classifications were more frequent among men while the V-3 designation was slightly more prevalent among women.
Among persons with the classification V-1 or V-2, hypertension, hyperglycemia, and Circulation, Volume XXXI, June 1965 obesity were present with significant frequency in men past 40 and hyperglycemia in women past 40 (table 4 ).
In the presence of the V-3 classification hypertension was present with significant frequency among men past 40 and women under 40 and hyperglycemia among women past 40 (table 4). 6 . Atrioventricular Heart Block (Categories VI-1 and VI-3).
Only two participants had complete atrioventricular block and none had second-degree block.
Classification VI-3, P-R-interval prolongation beyond 0.21 second, increased in frequency with age equally among both sexes.
The mean P-R interval calculated from the measured intervals of all electrocardiograms also increased slightly with age (table 8) .
None of the physiologic abnormalities examined were encountered with a significantly increased frequency among persons with the VI-3 designation. 7 . Intraventricular Block (Categories VII-1 through VII-3).
(1) Eighteen persons, six men and 12 women, had complete left bundle-branch block, classification VII-1, and a like number, composed of 12 men and six women, had right, classification VII-2. Complete bundlebranch block occurred mostly in the older age groups and was not associated with a higher than expected prevalence of hypertension, hypercholesteremia, hyperglycemia, or obesity. 19 (2) Classification VII-3, incomplete right bundle-branch block, was more frequent among men, but there was no age gradient in either sex. None of the physiologic abnormalities examined occurred with significant frequency among this group. 8 . Arrhythmias (Categories VIII-1, VIII-3, and VIII-6).
Only three arrhythmias occurred frequently enough for analysis.
(1) Classification VIII-1, frequent premature beats, was more prevalent among men and increased in frequency with age in both sexes.
(2) Classification VIII-3, atrial fibrillation, occurred in only 14 women and eight men, of whom 16 were past 60 years of age. The six less than 60 years were women and four had rheumatic heart disease.
(3) Twelve men and 17 women had nodal rhythm, classification VIII-6, which was more frequent among persons under 40 years of age.
There were no significant associations between any of the arrhythmias and hypertension, hypercholesteremia, hyperglycemia, or obesity. 9 . Miscellaneous Items (Categories IX-1 and IX-2).
(1) Classification IX-1, low-amplitude QRS complexes, increased in frequency with age, particularly among men, but was more prevalent among women. None of the physiologic abnormalities occurred with significant frequency among such persons.
(2) Classification IX-2, upright T waves over 12 mm. in amplitude, were found almost exclusively among young men. Other miscellaneous items were too infrequent for analysis.
In the analysis of categories II, III, IV, and V for their associations with the various physiologic variables participants in category I were excluded to prevent any bias that might result from the inclusion of persons with probable myocardial infarction.
Some participants had more than one electrocardiographic classification, but the various combinations produce so many numerically small categories that analysis is impossible. Therefore, analyses were limited to a single classification, regardless of any other coded item unless it were in category I. As a result, some individuals are included in more than one classification for analysis. The relationships between categories I, IL III, IV, and V are outlined in table 9.
Discussion
Electrocardiograms recorded from 85 per cent of the persons past 16 years of age in a total natural community, Tecumseh, Michigan, have been classified according to the system of Blackburn and associates. The arrangement of the various classifications according to age and sex indicates the pattern of their distribution among the participants, while the determination of the frequency of their association with physiologic variables is an attempt to establish their relationship to specific diseases. Certain electrocardiographic classifications were encountered more frequently with each successive 10-year age segment of the population. Not only abnormal Q waves but such "nonspecific" categories as left axis deviation, high-amplitude R waves, ST-segment depression, T-wave inversion, first-degree atrioventricular block, complete intraventricular block, frequent premature beats, and atrial fibrillation followed this pattern. Because such electrocardiographic items are usually acquired conditions, the presence of heart disease must be suspected. C--z sexes has received little attention except from Simonson and associates,20 who found differences in the mean intervals and amplitudes and concluded that they were due to the relatively greater myocardial mass among men.
Electrocardiographic variance between the
In Tecumseh men had larger QRS complexes than women as manifested by greater mean R-wave amplitudes in leads aVL, aVF, V5, and V6, and S-wave amplitudes in lead V1 at most ages, although the differences were most pronounced among persons less than 50 years of age. Men also had a much higher frequency of high-amplitude R waves classified according to Blackburn's criteria while women had most of the classified lowamplitude QRS complexes. Besides the differences in QRS amplitudes, T waves over 12 mm. in height were found mostly among young men. The same individuals did not necessarily have both QRS complexes and T waves of high amplitude. Ninety men under 40 years of age had high-amplitude R waves and 39 had tall T waves but only seven had both items. The significance of the age and sex distribution of high-amplitude deflections is not clear, but T waves of this type may be an ethnic characteristic, since they have been reported as frequent findings in certain geographic areas. 21 22 Sex differences should be kept in mind in the interpretation of clinical electrocardiograms.
Besides the apparently physiologic sex differences, there was disparity between the sexes in the prevalence of abnormal Q waves, left axis deviation, and ST-segment depression.
Q waves classified according to Blackburn's criteria were more than twice as frequent among men. This finding, which is discussed in detail elsewhere,18 is consistent with the experience of others'5 in the United States. Since electrocardiographic changes of myocardial infarction almost always result from coronary occlusive disease in this country, the age and sex distribution identifies that portion of the population with advanced coronary atherosclerosis.
The distribution of left axis deviation among the participants was similar to that of abnormal Q waves, although the condition was more frequent. It has been suggested that left axis deviation is frequently a sign of coronary heart disease, since Grant demonstrated a high prevalence of anterolateral myocardial infarction or patchy myocardial fibrosis at autopsy in a large series of patients with this electrocardiographic finding. 23 The prevalence of hypertension and hyperglycemia among persons under 40 in Tecumseh with left axis deviation also suggests that it may be an important sign of heart disease.
The tendency for the mean electrical axis to be directed more to the left with each successive decade was due, at least in part, to the high rate of frank left axis deviation among the older persons, but it is not possible to determine from a single round of examinations if there is a physiologic shift of the electrical axis with aging.
In contrast to abnormal Q waves and left axis deviation, ST-segment depression was more prevalent among women. Although hypertension as defined in this report was not found with significant frequency among such women, their higher blood pressures as compared to men may, in part, explain their ST-segment depression.
The other "nonspecific" electrocardiographic changes, high-amplitude R waves and Twave inversion, did not have a striking sex predilection among persons past 40 years of age.
High-amplitude R waves in leads I, II, III, aVL, aVF, V5, or V6 are a sensitive index of left ventricular enlargement but lack the specificity of more complex criteria.2' 26 In spite of this limitation, a large proportion of the participants past 40 with such R waves had hypertension, the most common cause of left ventricular enlargement. The impressive frequency of these changes among women past 60 may be due to their higher blood pressures.
T-wave inversion among hospitalized patients can often be attributed to a specific cause, usually coronary heart disease.27 Kan-nel and associates6 have also reported that such changes among the participants of the Framingham epidemiologic study were associated with a significantly increased incidence of manifest coronary heart disease. The equal prevalence of T-wave inversion among both sexes in Tecumseh suggests other etiologic factors as well. The higher blood pressures of older women may be one of these factors.
Some of the ST-segment and T-wave changes were probably induced by the administration of glucose to some of the participants before the electrocardiogram was recorded. 28 Changes after glucose may partially obscure the relationships between ST-segment depression or T-wave inversion and other physiologic abnormalities. There is no evidence to relate the blood sugar level with degree of ST-segment or T-wave changes,28 so it is unlikely that the relationships between hyperglycemia and items of category IV and V were factitious.
The frequency of hypertension among persons with left axis deviation, high-amplitude R waves, ST-segment depression, and T-wave inversion was impressive. On the other hand, hypercholesteremia was no more frequent among persons with electrocardiographic changes than among unaffected participants. Perhaps this is due to the definition of "hypercholesteremia" as a relative term. Since even the median values are quite high,14 the effects of hypercholesteremia are probably not limited to that 20 per cent of the population with the highest cholesterol levels.
The surprising frequency of hyperglycemia among persons with left axis deviation, highamplitude R waves, ST-segment depression, and T-wave inversion suggests that impairment of glucose tolerance may be an important factor in the development of cardiovascular disease. Some investigators29-33 have associated even mild abnormalities in carbohydrate metabolism with altered lipid metabolism and an increased frequency of atherosclerosis.
The higher prevalence of left axis deviation, high-amplitude R waves, ST-segment depres-sion, and T-wave inversion among each successive 10-year age group of the population suggests that such electrocardiographic findings are frequently signs of arteriosclerotic or hypertensive heart disease. The statistically significant association between the various electrocardiographic items and hypertension or hyperglycemia strengthens this impression. Similar associations were noted among persons with myocardial infarction or angina pectoris in the Tecumseh population.'8 It is hoped that continued observation of the participants of this study will reveal more clearly the significance of these "nonspecific" electrocardiographic changes and their relationship to other physiologic abnormalities.
Summary
Electrocardiograms were recorded from 2,449 men and 2,689 women past 16 years of age, 85 per cent of the adult population of Tecumseh, Michigan. The tracings were classified according to the system of Blackburn and associates and the various categories are tabulated and discussed.
Abnormal Q waves and certain "nonspecific" changes such as left axis deviation, highamplitude R waves, ST-segment depression, T-wave inversion, first-degree atrioventricular block, complete intraventricular block, and arrhythmias increased in frequency with age. Hypertension and hyperglycemia occurred with significant frequency among persons with some of these changes. It seems likely that such "nonspecific" electrocardiographic abnormalities are frequently signs of coronary or hypertensive heart disease.
The mean amplitudes of QRS complexes of men less than 50 years of age were greater than those of women. Such sex differences should be taken into account in the interpretation of clinical electrocardiograms.
Further examinations and surveillance of the participants of this study are expected to clarify the significance of the electrocardiographic features discussed and the relationships between such features and other physiologic variables.
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